Lippia alba (Verbenaceae) is a shrub whose essential oil has important biological, pharmacological, and aromatizing properties. The species has a natural range from Central America to Argentina, being cultivated for its commercial value in Brazil, Argentina and Guatemala, and has been introduced into India and Spain. To reach the economic potential of the plant,, the present study was aimed at evaluating L. alba for different chemotypes. The composition of the essential oil from two native populations of L. alba, collected from Argentina and two accessions from Costa Rica, were screened by GC and GC-MS. The results obtained led us to adopt the concept of a biodistribution map, as was proposed previously for the species, representing an approach to the natural biological distribution of the species in America based on the chemotypes described and their geographical distribution. Moreover, the biodiversity reported for the species (seven of eight chemotypes described for L. alba are present in Argentina) suggests the southern region of South America as the centre of distribution for L. alba. 
geographical range, suggest that this species has become adapted to new combinations of environmental factors through permanent changes in the genotype, as well as phenotype plasticity [10] .
Over the last decade, there has been a rapid expansion in the number of field experiments on the growth and development of this species, although most of these have been designed to provide information required for the formulation of local growing systems rather than to explore crop physiology in a systematic way. As a result, the critical data are incomplete and dispersed in the literature. Recently, Hennebelle et al. [11] classified L. alba into seven chemotypes based on all published analytical data for the species and on possible common biosynthetic pathways for the different oils.
This study and the review of most of the available literature dealing with the chemical composition of the essential oil of L. alba stimulated us to adopt the concept of a biodistribution map, as was proposed by Cicció and Ocampo [12] for L. alba, representing an approach to the natural biological distribution of the species in America based on the chemotypes described and their geographical distribution. This biodistribution mapped the specific distribution of the chemotypes at every location reported. What is required in the future is a detailed knowledge of the analytical content of the different members of each chemical population and the timing of their appearance. This information needs to be related with both environmental and gene changes.
This proposal has been sustained in the fact that plant metabolomes have been described as bridges between genotypes and phenotypes, reflecting different biological endpoints as the downstream result of gene expression. As a consequence, extensive knowledge on metabolic flows could allow assessment of genotypic or phenotypic differences between plant species. In addition, the analysis of target metabolites can be used as nutritional and/or agronomical biomarkers to classify different crop cultivars or to optimize growth conditions. In consonance with this approach, in this study we report the data for essential oils of L. alba collections made in the geographical extremes of its natural habitat to observe whether the chemical variability reported in the Latin-American area also exists in well-delimited territories of northeastern Argentina and the Caribbean coast of Costa Rica. The results were intended to act as a model to demonstrate the validity of the proposed biodistribution map for L. alba.
Essential oils:
The identified volatile components of the aerial parts of the four populations of L. alba, together with their retention indexes, determined on two different stationary phases, and percentage compositions are listed in Table 1 . The constituents are arranged in the elution order from the DB-5 column.
Chemometric analysis: When the chemical compositions (Table 1 ) of the four populations were subjected to cluster analysis, they could be subdivided into three clusters, as shown in Figure 1 . To assess the adequacy of this classification, principal component analysis was performed using the major components present in each analyzed sample.
A first group of 4 samples (AR1, AR2, AR3, CR2 strong) is characterized by the predominance of β-myrcene, 1,8-cineole, myrcenone, (Z)-ocimenone and (E)-ocimenone. A second group of one sample (CR1 sweet) is characterized by high contents of limonene and carvone. The third group of 3 samples (AR4, AR5, AR6) is characterized by high contents of linalool, neral, geranial, α-copaene, β-caryophyllene, germacrene-D and α-muurolene.
According to these results, populations from Perichón (Argentina) and "strong variety" (Costa Rica) belong to the "myrcenone" chemotype, with myrcenone, β-myrcene and (Z)-ocimenone as main compounds. Populations from Sáenz Peña (Argentina) belong to the "citral" chemotype.
The high content of linalool in one of the samples (AR4), could indicate a different biosynthetic behavior for this population during fructification, something that should be studied in more detail. Finally, the Costa Rica "sweet variety" (CR1) correlates to the "carvone" chemotype, identified in other Latin-American regions [7g].
Our results indicate that the occurrence of the L. alba "myrcenone" chemotype of Costa Rica and Argentina could be the result of an ecological situation developing in subtropical conditions (southern areas of America and Central America from Guatemala to the more temperate regions of Costa Rica). The explanation for this must take into consideration that factors that determine the existence of a defined chemotype are closely related to a vast number of variables, including soil condition, geographical region, climate and altitude, as in the case of some thyme species (Thymus piperella) [13a] .
However, L. alba seems to represent a more complex model, as examples can be found where the results indicate that the differences in the composition of some chemotypes could not be related to environmental conditions [10] .
Moreover, in our experimental design, latitude does not seem to be the most important environmental factor influencing the L. alba oil composition for the carvone chemotype. However, the pattern of climatevariation in both sites should be considered, as this chemotype is distributed from a subtropical climate in Guatemala to the tropical climate in Costa Rica (where its natural distribution finalizes) in the northern hemisphere. Obviously, this is also the case in the south, where Argentina displays a subtropical climate similar to that of Guatemala.
Finally, it has been difficult to ascertain centers of origin and diversity for L. alba because of its wide dispersion.
From a biological point of view, the region with abundant variability for one species should constitute its centre of origin, as in the case of Bactris gasipaes and Ananas comosus in Brazil and their distribution in America. Being the southernmost biodistribution region, the richest in biodiversity for L. alba (seven from the eight chemotypes described are present in Argentina), this is the probable original centre of its distribution [12, 16] . Although this is a possibility, the number (biodiversity) of species does not necessarily translate into an area being the original centre of its distribution; an alternative explanation is that a new area may offer more opportunities for diversification.
It must be pointed that the final goal of a metabolomics analysis, as here proposed, is the identification and quantification of all metabolites in a given organism, in addition to the assessment of the metabolic relationships between them. However, this is not easily possible since common analytical techniques do not allow such exhaustive metabolite detection [17] . Therefore, the most widely used techniques, known as metabolite profiling [18] , consist of the analysis of the maximum number of metabolites in a given sample. Mass spectrometry (MS) coupled to separation techniques such as GC can be used for this purpose, as was applied in this work. In addition, when all different locations were pooled in a single experimental design, it was still possible to differentiate the three closelyrelated genotypes through the ability of the PCA analysis. The novelty of the methodology here presented relies on the use of volatile compositions as markers to demonstrate the validity of the proposed biodistribution map for L. alba.
In brief, it is concluded that the ability for genetic selection to identify the ideal geno-pheno-and chemotypes for this species must be developed. Moreover, care must be taken to select the appropriate chemotype before any planting of L. alba is made for commercial use.
Experimental

Plant materials and isolation of the essential oils:
Aerial parts of Lippia alba were collected from two localities in Argentina (Table 2) in the summer (fruiting stage), spring (vegetative stage) and autumn. The oils were dried with anhydrous sodium sulfate, recovered by decantation and the part that remained Table 2 were taken into account in this analysis. on the walls of the Clevenger was recovered by rinsing with a minimal amount of dichloromethane. The solvent was then evaporated under reduced pressure and the oil kept in sealed flasks under N 2 at -17ºC until GC analysis.
GC and GC/MS analysis: GC analyses were completed using a Hewlett-Packard 5890 Series II gas chromatograph equipped with two flame ionization detectors and two capillary columns of different polarity: HP-1 and HP-Wax cross-linked fused-silica capillary column, both 50 m x 0.25 mm i.d x 25 μm; column temperature, 90ºC to 220ºC at 3ºC/min. Injector and detector temperatures 255ºC; injection with a split ratio 1:100; volume injected, 0.2 μL of oil; Carrier gas: nitrogen, 0.8 mL/min. GC-MS analyses were conducted using a Perkin Elmer Autosystem Gas Chromatograph, coupled to a Perkin Elmer Q-Mass 910 apparatus equipped with a library built up from authentic samples from reference oils, using two capillary columns: a DB-5 cross-linked fused-silica capillary column (30 m x 0.25 mm i.d.), coated with 5% phenyl-polymethylsiloxane (0.25 μm phase thickness) and a DB-Wax bonded fused-silica capillary column (30 m x 0.25 mm i.d.), coated with polyethylene glycol (0.25 μm phase thickness. The analytical conditions for both columns were as follows: column temperature, 75ºC for 4 min, rising to 220ºC at 3ºC/min. Injector temperature 255ºC; injection: split ratio 1:150; volume injected, 0.2 μL. Helium was used as a carrier, using 91.5 kPa (26.4 cm/sec); interface temperature, 250ºC; acquisition mass range, m/z 40-400.
Identification and quantification:
The components of the oil were identified by comparison of their linear retention indices (LRIs) on the two columns, determined in relation to a homologous series of nalkanes, with those of pure standards or those reported in the literature [14, 20] . Comparison of fragmentation patterns in the mass spectra with those stored on the GC-MS database [14] [15] [16] [17] [18] [19] [20] [21] and reported in the literature [13b,13c,14] was also performed. For quantitative evaluation, all GC peak areas were compared relative to the internal standard (ntetradecane). Repeatability of the measurements showed variation coefficients under 5% for all the components reported in Table 1 .
Statistical analysis:
The relative contents of each essential oil component (% peak area) obtained by GC were statistically analyzed using cluster analysis, calculated by MINITAB Release 14 Statistical Software (Minitab Inc., 2005).
